The nerve fibers in mammalian adenohypophyses were reported by several authors as studied with the electron microscope.
Most frequently nerve fibers occurred in the pars intermedia (KUROSUMI et al., 1961; ZIEGLER, 1963; KOBAYASHI, 1965; BARGMANN et al., 1967) , while in the pars tuberalis (UNSICKER, 1971) and in the pars distalis (THERET and TAMBOISE, 1963 ) only a few papers demonstrated nerves.
Endocrine activity of the anterior pituitary primarily depends upon humoral control by the hypothalamus with its neurohormones, and nerve control of this organ has not been expected at all. For example, UNSICKER (1971) wrote that he did not observe a single axon profile in the pars distalis. However, THERET and TAMBOISE (1963) showed a close contact of nerve fibers with somatotrophs as well as those with follicular cells in the rat adenohypophysis.
The presence of nerve fibers in the pans distalis is undoubtedly evident, but their functional significance is still to be studied more.
MATERIALS AND METHODS
Adult male rats of both Wistar and Holtzman strains were used. Some of the animals were subjected to adrenalectomy or laparotomy, and some others received 100g body weight intraperitoneally or corticosterone 1mg/100g body weight subcutaneously.
These experiments were performed for other purposes (KOBAYASHI, 1968) than to find nerve fibers and endings in the adenohypophyses.
Though the glandular cells underwent certain remarkable changes due to these treatments, the fine structures of peripheral nerves and their terminals did not show any changes as compared to those in normal control specimens. After sacrifice by decapitation, the skull was immediately opened, the brain was quickly removed and some drops of fixative were poured on the hypophysis. The fixative was 1% osmium tetroxide buffered with veronal acetate to pH 7.4 and made isotonic with sucrose (CAULFIELD, 1957) . The pituitary gland was removed and diced into many pieces each smaller than 1mm3. The fixation period was about 1hr. The specimens were then rinsed briefly with the same buffer solution as that for the fixative, and dehydrated with a series of increasing concentrations of ethanol, to be embedded in Epon 812 as introduced by LUFT (1961) . Thin sections were cut on a Porter-Blum ultramicrotome MT2B and stained with uranyl acetate and lead citrate (REYNOLDS, 1963) . The sections were observed in electron microscopes HS-7 or HU-11D at various magnifications between 4,000 and 20,000 times under 75kV in accelerating potential.
OBSERVATION
In the pars distalis of the rat adenohypophysis (anterior pituitary), nerve fibers were rarely observed.
They were all unmyelinated nerve fibers and myelinated fibers have never been observed.
Rather thick bundles of unmyelinated fibers bound together by the cytoplasm of Schwann cells occurred in the connective tissue area, either in the pericapillary space ( Fig. 1-3 ) or in the fibrous septa (Fig. 4) .
Some macrophages were gathered in some of the pericapillary connective tissue along with the nerve fibers (Fig. 1) . Rudimentary basal lamina was found on a small area of the cell surface of macrophages which contained relatively well developed Golgi apparatus and rough endoplasmic reticulum.
They often contained phagocytosed debris of the tissue and red blood cells (Fig. 1) . There was no basal lamina between the macrophages and secretory cells, but an incomplete sheet of basal lamina was found in a narrow space between the nerve bundle and the contiguous secretory cell that was prolactin cell in the case shown in Figure 1 . More than twenty thin axons were bound together with very thin cytoplasmic leaflets of Schwann cell (Fig. 1) .
When the nerve bundles were cut longitudinally, the cytoplasm of Schwann cells were difficult to distinguish (Fig. 2, 3) . The nerve fibers were conspicuously varicose in appearance:
They had many remarkable swellings along their course, A Holtzman rat 10min after laparotomy. so they alternated thin and thick portions ( Fig. 2-4 ). In the swellings the axoplasm looked very clear and contained a few mitochondria, small clear vesicles and relatively large dense cored vesicles, but microtubules and filaments were scanty (Fig. 5) . In contrast, in the thin portions of the axons, microtubules and microfilaments were closely packed and arranged parallel to one another and also parallel to the long axis of the axon (Fig. 6) . The outer surface of the nerve bundle seemed to be invested by a little fuzzy basal lamina (Fig. 2, 3) . The long axes of the nerve bundles were parallel to those of the accompanying blood capillaries in almost all cases. As the pericapillary space is filled with variable amounts of loose fibrous connective tissue, it contains fibroblasts and collagen fibrils (Fig. 2, 3 ). Macrophages and some other wandering cells may appear in this space (Fig. 1) . The basal laminae demarkate the connective tissue area, covering both the surface of the capillary wall (endothelium) and that of parenchymatous secretory cells. The capillary endothelium is very thin and perforated in many places by pores or fenestrae.
Many clear vesicles are contained in the endothelial cytoplasm (Fig. 2) . Bizarre shaped red blood cells were congested in the capillary lumen.
The nerve bundles also appeared in the narrow connective tissue septum interposed between secretory cell groups (Fig. 4) . They had no associated blood vessels, but it was possible that a part of the connective tissue area containing only a nerve bundle was cut and the other parts with blood vessels were out of the section. However, connective tissue septa without blood vessels are often observed in the anterior pituitary. Therefore, the section shown in Figure 4 might represent the true connective tissue septum without vascularization and contained a thick bundle of unmyelinated nerves which almost entirely filled the space in the septum. Each axon in this bundle contained moderate numbers of mitochondria and vesicles with variable sizes, as well as microtubules and filaments. Some axons showed remarkable varicosities which contained both clear transparent and dense-cored vesicles or granules (Fig. 5, 6 ). In thin portions of axons the axoplasm contained a small amount of granules and cored vesicles, but microtubules were very tightly packed.
As the nerve fibers entered the pituitary parenchyma, axons were separated from each other and bundles of nerve fibers were no longer observed among secretory cells (Fig. 7) . Such single axons or nerve terminals were observed in a close contact with secretory cells (Fig. 7, 9, 10 ), but they also appeared in the pericapillary space, where the basal lamina separated the terminal from the contiguous secretory cells (Fig. 8, 11) . Each axon or terminal contained many vesicles or tubules of variable sizes, many of which contained a more or less dense substance.
Some vesicles were cored (Fig. 10 ) but others were clear and empty-like. Dark granules of different sizes were observed (Fig. 8, 11 ) and their exocytotic release from the surface of nerve terminals could be demonstrated (Fig. 11) . As the size of these dense granules was large, they resembled the neurosecretory granules of the posterior pituitary. The secretory cells to which the nerve terminals attached were mostly somatotrophs (Fig. 7, 9 , 10). Corticotrophs were also observed directly adjacent to the nerve terminal (Fig. 9 ), but in many cases basal laminae were inserted between the terminals or axons and secretory cells of other kinds.
DISCUSSION
In spite of the close topographical relation of the adenohypophysis to the neurohypophysis and in turn to the hypothalamus which is a part of the brain, the nerve supply is very poor in the adenohypophysis, especially its main part, i.e., the pars distalis or anterior pituitary.
UNSICKER (1971) studied the pars distalis of various A Wistar rat adrenalectomized 4 weeks earlier and injected with dexamethasone. Fig. 10 . Legend on the opposite page.
mammals very carefully and extensively by the electron microscope, but he never observed even a single nerve axon in this part of the adenohypophysis. In the pars tuberalis, however, he found some nerve fibers and terminals.
It is natural for nerve fibers to be easily found in the pars tuberalis (UNSICKER, 1971) and pars intermedia (KUROSUMI et al., 1961; ZIEGLER, 1963; KOBAYASHI, 1965; BARGMANN et al., 1967) , because these parts of the adenohypophysis are in close contact with the nervous tissue of the neurohypophysis.
Many nerve fibers invade the glandular tissue of the pars intermedia and tuberalis beyond the border between the two major parts of the hypophysis: the adeno-and neurohypophysis.
Some of these invading fibers are neurosecretory in nature, being easily recognized under the light microscope due to their strong stainability by Gomori's method (KUROSUMI et al., 1962; ZIEGLER, 1963) . Electron microscopy revealed that some axons found in the adenohypophysis contained elementary granules of neurosecretion (KUROSUMI et al., 1961; ZIEGLER, 1963; UNSICKER, 1971; BARGMANN et al., 1967) .
In the pars intermedia, both KOBAYASHI (1965) and BARGMANN et al. (1967) demonstrated synapses of cholinergic endings to the secretory intermedia cells, besides neurosecretory (peptidergic) terminals.
The latter authors also argued the presence of adrenergic synapses in the cat pars intermedia.
In this study we observed many cases of nerve fibers and terminals in both the parenchyma and interstitium of the It contains small vesicles and large dense granules (arrowheads) some of which are extruded from the surface by exocytosis (arrows).
A basal lamina (BL) covers most of the terminal surface. Collagen fibrils (CO) are seen in the pericapillary space. EN indicates a part of the capillary endothelium.
Somatotrophs (GH) also show exocytosis (arrow). A Holtzman rat treated with rat pars distalis. Only one report by THERET and TAMBOISE (1963) dealt with the nerve terminals making synapses to the secretory cells of the pituitary pars distalis. They seemed to be cholinergic synapses. Among various endocrine organs, the pancreatic islets have been well known to receive ample innervation from the autonomic nervous system. WATARI (1968) demonstrated both cholinergic and adrenergic endings as well as ganglion cells in the pancreas of some species of vertebrates, using electron microscopy. WATARI described that nerve terminals containing small cored vesicles suggested to be adrenergic were found in close association with blood vessels, and were probably vasomotor in nature.
However, some of such adrenergic nerves were also seen in close contact with the endocrine cells (WATARI, 1968) .
YAMADA (1965) reported a case of intralobular nerve fibers and their terminals abutting on the liver cells of the mouse, as observed by electron microscopy.
In the nerve endings contacting the liver parenchymal cells, small dense-cored vesicles were observed, that suggested adrenergic innervation along with cholinergic, because clear vesicles without cores were also abundant.
In our observation, no terminals containing small cored vesicles suggesting catecholamine-containing synapses were observed in the pars distalis of the rat. Although bundles of nerve fibers were observed along the blood vessels, these were not suggested to be vasomotors, for the vasomotor fibers are known to be sympathetic (adrenergic) in general, and we found no direct contact of nerve terminals upon the surface of blood vessels in the anterior pituitary.
The close contact of nerve endings to some of the secretory cells of the pars distalis may suggest that these nerves are concerned with the endocrine function of this organ, but it is the prevailing concept that the anterior pituitary is controlled by the specific neurohormones of the hypothalamus called releasing and inhibiting hormones.
Some neurotransmitters such as dopamine, noradrenaline and acetylcholine may be related to the release of anterior pituitary hormones, but they primarily affect the neurons in the hypothalamus producing the releasing or inhibiting hormones, which are conveyed to the pars distalis via hypophyseal portal vessels and then stimulate or inhibit the secretion of anterior pituitary hormones.
The direct action of transmitters from the nerve terminals to the anterior pituitary cells has not been suggested by physiologists (MCCANN et al., 1979) .
Morphological findings of THERET and TAMBOISE (1963) suggested a close relation between the vegetative (autonomic) nerves and growth hormone-producing cells. Also in our observations, direct contacts with somatotrophs were most frequently observed and that with corticotrophs was next. THERET and TAMBOISE (1963) described the contact of nerve endings with the follicular cells, but we did not recognize this. It is probable that the secretion of growth hormone may be influenced by not only hypothalamic neurohormones such as GRH (growth hormone releasing hormone) and somatostatin, but also some other factors from the nerve terminals which are close contact with the pituitary somatotrophs.
The nerve terminals in the anterior pituitary often contain many vesicles and tubules filled with a dark substance.
Such a feature is reminiscent of the secretory nerve terminals of the posterior pituitary after a long period of strong stimulation (KUROSUMI, 1977) . Also some nerve endings in the pars distalis contain relatively large dark granules, some of which are released from the ending by the mechanism of exocytosis.
Such dark graunles are very similar in morphology to the so-called neurosecretory granules or elementary granules of the magnocellular hypothalamic neurosecretory system. It is well known that the pars intermedia contains nerve fibers of the neurosecretory system as observed by both light and electron microscopy (KUROSUMI et al., 1961 (KUROSUMI et al., , 1962 ZIEGLER, 1963; BARGMANN et al., 1967) . Though no report has yet appeared concerning the invasion of neurosecretory axons into the pars distalis, it is not totally impossibile that neurosecretory nerve fibers might enter the pars distalis across the pars intermedia.
Whether these nerve fibers found in the pars distalis may be merely an aberrant invasion or a physiologically significant innervation is a big problem to be studied further in the future. Kobayashi, Y.: Functional morphology of the pars intermedia of the rat hypophysis as revealed with the electron microscope.
II. Correlation of the pars intermedia with the hypophyseoadrenal axis. Z. Zellforsch. 68: 155-171 (1965) .
the electron microscope. III. Effects of dexamethasone on the pars intermedia of rats under various experimental conditions. Arch. histol. jap. 29: 105-136 (1968) .
